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CHAPTER I 
INTRODUCTION 
This study represents  an invest igat ion of the &I v l t r o  
e f f e c t s  of spec i f i c  antibody on protozoan antigen, using 
B le~ha r i sma  undulans a s  the  t e s t  organism. 
The s t eps  i n  t h i s  study were: (1) t o  prepare a vaccine 
from a pure cu l tu re  of Bleaharisma -; (2) t o  demon- 
s t r a t e  an antibody response ln guinea p i g s ,  following inocula- 
t i o n  w i t h  the  Ble~harlsma vaccine; (3) t o  recover spec i f i c  
an t ibodies  from serum of the inoculated guinea pigs;  and 
(4) t o  t e s t  the serologic e f f ec t s  of these spec i f i c  ant ibodies 
on t h e  ant igen determinant, Blesharisma undulans, using the 
low power d i ssec t ing  microscope, the l i g h t  microscope and the 
phase microscope a s  too l s  of observation. 
A search of the l i t e r a t u r e  revealed tha t  no previous 
worker had used Ble~harisma -ans a s  the t e s t  organism. 
Therefore data  obtained in t h i s  study were interpreted by 
reference t o  the  accumulated evidence i n  which other  proto- 
zoans had been used a s  antigen determinants. 
REVIEW OF THE LITERATURE 
I. ANTIBODY FORMATION 
element, such a s  a protein,  requires two proofs t o  
be considered antigenic: f i rs t  it must be a substance foreign 
t o  t h e  organism i n  which it i s  introduced, and second, it must 
be capable of e l i c i t i n g  an antibody response. Its introduc- 
t i o n  i n t o  a host  s t imulates cer ta in  react ions m i c h  have been 
i d e n t i f i e d  a s  t yp i ca l  antigen-antibody responses. The major 
r e a c t i o n s  a r e  agglut inat ion,  precipi ta t ion,  f loccula t ion and 
complement f i xa t ion .  
If t h e  presence of an antigen r e s u l t s  in formation of an 
antibody then the antigen must react  i n  some way with a sub- 
s tance in  the  body and perhaps a l t e r  it in  some way. Further- 
more, the  process of immunization involves the building of a 
r e s i s t a n c e  t o  antigens, resul t ing in  a large t i t e r  of an t i -  
bodies. With the use of rabb i t s ,  t e s t s  have shown tha t  during 
the  immunization process there  i s  a la rge  increase in the 
blood serum Bjdrneboe pointed out t ha t  t h i s  Pro- 
t e i n  increase  occurred i n  the  gamma g l o b l i n  f rac t ion.  He 
contended t h a t  t h i s  increase demonstrated a corre la t ion between 
M Bjdmneboe, "Specific Protein i n  Rabbit Antipneumo- 
cecca l  Serum and I ts  Relation t o  Increase i n  Serum Protein 
During Immunization," Jm Immunology, XXXVII (1939) , 201. 
t he  an t igens  in jected and the antibodies f n ~ m p a .  +ha 
t o  an increase  in the  normal c i rcula t ing gamma g iobnlh . l  
In t roduct ion of ant igenic material in to  pa t ien t s  suffering 
from agammaglobulinemia resulted i n  no antibody response 
which was fu r ther  evidence of the association between gamma 
g lobul in  and the antibody.* Other workers studied this re la-  
suggested t h a t  ant ibodies were formed by a chemical a l t e r a t i o n  t: 5 
I .  
of normal gamma globulin; t h i s  normal gamma globulin d i f fered , - - 
from immune gamma globulin only i n  the sense t h a t  the l a t t e r  
had reacted with antigens. Another theory, advanced by 
2 ~ .  H. Grant and W. Dm Wallace, nAgammaglobulinemia,n 
m, I1 (19541, 671. 
3 ~ .  Lendstelner, S ~ e c i f i c l t r  of 
31011s (Cambridge, Massachusetts : Harvard Unive: 
Q. V. Jager, Princmed of I terns mea i c ine  
-d (mila- delphis :  Blakiston Company, 1 9 5 5 ,  P 
5 .  Pauling, BUE AS 
I l l i n o i s :  Charles C. Thomas, 19: 
of intermolecular forces of adjacent antigen molecules, react-  
ing Upon t h e  Precursors of normal gama globulin. 1 
A further c l a r i f i ca t i on  of the close re la t ionsh ip  
between the antibodies and gama globulin was invest igated 
i n  s t u d i e s  which attempted t o  determine the  exact locat ion fo r  
formation Of gama globulin. b y  workers indicated t h a t  the 
re t i cu lo-endothc l ia l  system was a possible s i t e  for  both gamma 
g lobu l in  formation and antibody formation. More spec i f i ca l l y  
lymphocptes as well a s  plasma c e l l s  were suegested a s  s i t e s  of 
ant ibody formation. The s tudies  of Ortega and Mellors 
explained t h a t  gamma globulin was formed not only i n  the 
germinal cen t e r s  of lymph nodules but a l so  i n  the cytoplasm 
of immeture and mature plasma cel ls . )  The germinal center  
c e l l s  t h a t  synthesize gamma globulin were designated "intrin- 
s i c n  c e l l s  t o  d is t inguish  them from other medium t o  l a rge  
s ized lymphocytes t ha t  occurred elsewhere but d i d  not  par t i c -  
i p a t e  i n  tha production of gamma globulin. These i n t r i n s i c  
c e l l s  formed gamma globulin only when they were arranged i n  
d i s c r e t e  aggregations. Ortega and Mellors fu r ther  indicated 
t h a t  c e l l s  found t o  form gama globulin appeared t o  be 
IF. Aaurodta ,  me Nature and S i ~ n i f i c a n c e  of h t i b o d v  
ResFmse (New York: Columbia University Press, 1955) 9 pp* 2- 
10. 
2 
H. Floray, 0 General P a t h o l a  (Philadelphia: JyY%?4f p *  l@Q* W. B o  Saunders Company 
3L. G. Ortega and Po C. Mellors, "Cellular S i t e s  
Formation of Gamma ~ l o b u l i n , "  Pf EXDeri*ntal 
C V I  (1957) , 627. 
Other inves t iga tors  carried on rnnenreh  nnrtaInIn~ 
, . 
these  t h e o r i e s  has been considered In a recent t ex t  by Holub :z 
. - 
.. 
and ~aroskova. '  They s ta ted  tha t  antibody formation might be 
a good example of the synthesis by the organism of a prote in  
( t he  antibody) whose spec i f ic  pat tern was not deterinined wholly f 
by t h e  gene t ic  machinery of the organism. 3 
i d e n t i c a l  with those c e l l s  found t o  form specif ic  antibodies.  
It was a l s o  suggested tha t  each of the three morphologically 
d i s t i n c t  categories of c e l l s  tha t  synthesized gama globulin 
represented a separate response t o  a par t icular  form of an t i -  
genic st imulat ion.  These three s i t e s  of gamma globulin-anti- 
body formation namely, germinal centers of lymph nodules, 
l p p h y o c y t e s ,  and plasma ce l l s ,  indicated a close physical and 
perhaps chemical proximity between these two substances, gamma 
obul in  and antibodies.  
e c i f i c a l l y  t o  theor ies  of antibody formation. An account of 
Three hypothesis of antibody formation have been 
ZM. ~ ~ l ~ b  and L. Jaroskova, Mechanisms 
-. 
31bid 9 p. 17. 
advanced. The f i r s t  of these, the d i r e c t  template theory, 
implied t h a t  t he  antigen was incorporated i n t o  the  antibody- 
producing c e l l  i n  such a way tha t  i t  would ac t  a s  a mold or 
' ~ b i d . ,  p. 628. 
Formation (New York: Acadsaic Press, 1°bO), p. 16. 1 
~- - -  
-J -i'-* -a' 2. adherence of the  antieen to t~ 
" ~ - - -  
molecule t h a t  came along .l I 
The i n d i r e c t  template theory differed from the first theory 
by assuming t h a t  a l l  aspects  of protein synthesis  a re  under 
gene t i c  control .  The antigen w i l l  become incorporated i n t o  
7 
0 t he  c e l l  and i n  some way become a par t  of the genome; a l l  new 
x 
templates  would be produced by rep l ica t ion  under genet ic  ' r  , .
c o n t r o l  
template t o  impress a complementary pat tern  on globulin mole- 
cu les  by the Cells. This theory involved three  
s t e p s  t o  antibody formation: 
i n c o r ~ o r a t i o n  of the antigen i n to  the plasma c e l l  o r  i n t r i n s i c  c e l l  of the i m n h  n ~ d ~ l e ;  
--- - -  --le gamma globulin mole- 
cu l e  causing an impression and 
removal of the antigen from t h i s  gamma globulin mole- 
cu le  so i t  could impress the next eamma elobulin 
.* The se lec t ion  theory, indicated t h a t  genet ic  
m e  vide range of clones required t o  cover a l l  possible 
. --. - - - A  a -  &L- --..--a -4' 
Lat ion. - - 
can r eac t  w i t h  
ants  In IGS OWIL VUUY a re  eliminated; 
in way inforgation to  d i f f e r en t i a t e  s e l f  from non- 
- .  - - 
l ~ b l d . ,  p.  18. 2 ~ b i d .  - - 1bid.  
information could be developed by genetic  processes only, 
never by an impact of the environment on the  genome. This 
theory  had the  following features: 
of clones of Immunologically competent c e l l s  which can 
react with the corresponding ant igenic determinant 
and/or produce c e l l s  which can synthesize and l i b e r a t e  
ant ibodies .  
an t igen ic  pat terns  a re  aeveLopea J J ~  b r l e  GUU-S~: 
embryonic d i f ferent !  
3. Also during embryonic l i f e  clones which . . I r - --, L-2,- , 
a n t i ~ e n i c  determin 
s e l f  i s  obta1nea.-' 
The t e s t  of any antibody formation theory demands an explanation 
of t h e  non-antigenici ty by c e l l s  and prote ins  of the organismls 
own this t h i r d  feature of the clonal se lec t ion theory 
at tempts t o  answer t h i s  t e s t .  
At present a dual concept has been i n  favorable 
acceptance* This  involved the combining of the clonal  selec- 
1 t i o n  theory and the d i r e c t  template hypothesis. me clonal  
s e l e c t i o n  theory provided the genetic make-up fo r  g a m  
globul in  f o r m t i o n ,  while the d i r e c t  template theory provided 
the environmental aspect of antibody formation. 
11. STUDIES OF ANTIBODY FORMATION USING 
PROTOZOA AS THE ANTIGEN FACTOR 
In t h i s  century protozoa have been used as experimental 
organisms In  research par t i cu la r ly  i n  r e l a t i on  t o  serological  
reac t ions .  The main d i rec t ion  of immunological research with 
protozoa has been an e f f o r t  t o  demonstrate resemblances or 
d i f f e r ences  i n  ce r ta in  s t r a in s ,  races and species. However, 
Ki t h i n  these  taxonomic s tudies  has evolved information ~ e r t e i n -  
ing more spec i f i ca l l y  t o  the response of the protozoan t o  an t i -  
serum. me da te  in turn have been valuable a consideration 
of t h e  bas i c  immunological reactions. 
e a r l y  a s  1902 Ledow and Lebard studied the ac t ion 
of blood serum on paranIeC~UIn.2 BY 1909 Rossle that the 
 bid., p. 20. 
aRalph Wichterman, e B o o of paramecium (New York: a- Blakjston Company, Inc., 1 ~ . ~ 3 ) ,  ? *  3 lT 
a n t i s e r ~ l l  of t h e  r a b b i t  o r  guinea pig made the  p e l l i c l e  of 
'1 
I paramecia s t i c k y .  Dilut ion of the  immune se ra  up t o  t en  
t imes  t h e  normal s e r a  led t o  in tense  p a r a l y s i s  of t h i s  pro- 
tozoan. I n  1911 S e l l a r d s  studied immunity r eac t ions ,  using 
the  ameba a s  the  experimental a n i e a l o 2  Takenouchi (1918) 
worked wi th  d i f f e r e n t  Infusor ia ,  studying the cy to log ica l  
e f f e c t s  of normal and immune s e r a O 3  Paramecia were again 
4 
s t u d i e d  by Rakieten (1928) using serologic  r eac t ions .  Amebae 
were s t u d i e d  a s  experimental animals i n  research on an t igen ic  
p r o p e r t i e s  by Heathman (1932). Robertson i n  1934 used the  
f l a g e l l a t e ,  Boda caudatus, a s  the antigen determinant. 6 
F,obertson (1939) c a r r i e d  on f u r t h e r  inves t iga t ions ,  analyzing 
some of t h e  p r o p e r t i e s  of c i l i a t e s  of the  Glaucoma-Colpidium 
group. 7 ,  8 Following Robertson's s tud ies ,  Bernhiemer and 
7. 
-Takenouchi "Cytologic Action of Norrnal and Immne Sera 
on I n f u s o r i a , "  J. in fec t ious  Disease, X X I I I  ( l q l P ) ,  399. 
4 ?I. T . Rakieten, "Ff fec ts  of Serological  Systems on 
Paramecium," J. Immunology, X?' (1428), 534. 
5 ~ .  Eeathman, "Studies of Antigenic P roper t i e s  of Sone 
Free  Living and Pathogenic Anebas," Anerican Journal of 
Evniene,  X"'1 (19321, 110. 
6Mo Robertson, Study of Reactions 2 Vi t ro  of Cer t a in  
C i l i a t e s  Belonging t o  t h e  Glaucoma-Colpid ium Group, I'  Journal a 
Patholo& Bacter iology,  "111 (1939) 310- 
7!4. Robertson, "An & Vitro Study of the  Action of 
Immune Eodies  Called Forth i n  the Blood of Rabbits by the 
I n j e c t i o n  of t h e  F la  e l l a t e  Frotosoan, Boda caudatus," J. Path. 
Bact XKXVIII (1934 , 374. -. 9 f 
8 M e  Robertson, "An Analysis of Some of the  Antigenic 
P r o p e r t i e s  of C i l i a t e s  of the Glaucoma-Colpidium Group , I t  
P a t  a ,  1'111 (103?), 330- 
Harrison (1940) ca r r i ed  on some addi t ional  work with para- 
mecia.' They demonstrated the presence of p r ec ip i t i n ,  
complement-fixing and Immobilizing ant ibodies i n  t he  serum 
of r a b b i t s ,  a f t e r  using paramecia a s  the  ant igen determinant. 
Kimball 's  work (1947) d t h  paramecia was concerned wlth pro- 
tozoan he red i t a ry  resistance t o  a n t i s e m . *  He found t h a t  
when paramecia were placed i n  contact with a suble thal  dose 
of ant iserum over a twenty-four hour period and then subjected 
t o  h igher  concentrat ions of an t i se ra ,  no protozoan immobiliza- 
t i o n  occurred. Sonnebornts s tudies  on paramecia provided 
exact ing  d a t a  i n  the f i e l d  of protozoan taxonomy and immunol- 
ogy 3, 4 Studies  conducted by Loefer (1958) expanded on what 
has been c a l l e d  the mutual exclusion theoryO5 This theory 
s t a t e s  t h a t  only one antigen can be detected on the surface of 
a protozoan a t  any one time. He was able  t o  demonstrate t ha t  
l ~ .  Bernhiemer and J. A. Harrison, "Antigen-Antibody 
React ions I n  Paramecium, The Aurella Group," 2. I m o l o g v ,  
E x I X  ( l q b ) ,  78. 
2 ~ .  Kimball, "Heritable Resistance t o  Antiserum Produced 
by Antiserum and Trypsin i n  P a r a m e c i ~ ~ ~  Amelia ,"  Genetics,  
X X X I I  (19471, 93. 
3 ~ .  M. Sonneborn, ~Dere lopmnt  and Inheri tance of 
Sero log ica l  Characters i n  Variety 1 of P. aure l ia ,"  Genetics, 
~ I I I  (19431, 90. 
4 ~ .  N. Someborn, "Acquired Immunity t o  Speci f ic  Anti- 
body and I ts  Inheri tance in Wr  Proceedlws -- of the 
Indiana Academy of Science, LII (19 3 , 101. 
5 ~ .  B. Loefer, nSerologieal mes Among Thirty-One 
S t r a i n s  of the  Ci l ia ted  Frotozoan, Tetrahgmena P ~ i f o r m i s , ~  
J o u m  a ~ r o t o z o o l o a ~ ,  V (August, 19581, 210-212. 
10 
a given s t r a i n  of protozoan, Tetrahvmena pyriformig, appeared 
t o  have an inherent  capacity t o  exhibi t  diverse antigens under 
d i f f e r e n t  environmental conditions. Margolin (1959) continued 
the  s tudy r e l a t ed  t o  t h i s  hypothesis.' He indicated t h a t  i n  
regards  t o  serological  spec i f i c i t y  a s ingle  gene fo r  each 
serotype determined the spec i f i c i t y  of the antigen and agreed 
with Loefer i n  t ha t  environment played an important r o l e  i n  
determining ant igenic spec i f i c i ty .  E l l i o t  and Byrd (1959) 
Further  val idated  Loefer 's work. 2 
Since 1902 data have accumulated pertaining t o  sero- 
l o g i c a l  r eac t i ons  involving several species of protozoa. 
Throughout these  inves t igat ions  ce r ta in  e f f e c t s  of t h e  an t i -  
serum on the  pa r t i cu l a r  protozoan have been reported. A l i s t  
of r e a c t i o n s  which have been described follows. These are  
l i s t e d  i n  a na tu ra l  sequence s ta r t ing  from the protozoan's 
i n i t i a l  con tac t  with the antiserum, t o  the ul t imate death or  
recovery of t he  protozoan, as  the case may be. A l l  of these 
r e a c t i o n s  a r e  based on comparisons with react ions  of the 
protozoans i n  normal sera. 
The f i r s t  sign of the antibody-antigen react ion was 
the gradual  slowlng of the organism i n  i t s  swimming habits .  
'T. Margolin, nImmobilizing Antigens of T ~ Z & ~ U  
g m l P ~ & , ~ '  JourneJ,, a pro to zoo lo^^, VI, NO. 3 (August, 1959)) 
210-213. 
"Serotypes i n  Eight 
*A* and J *  B p r d 9 f l  Journal of Protozoolopx, V a r i e t i e s  of Tetrahymena p ~ i f o r m i s ,  
I - Supplement ( A U ~ U S ~ ,  19591, 18. 
11 
Over varying periods of time the organism eventually stopped I 
immobilization other phenomena have been described. Most of 
the  i n v e s t i g a t o r s  reported accumulations of an exudate 
ma te r i a l ,  a s t i c k y  substance, which adhered t o  the c i l i a  and 
p e l l l c l e .  8, 9, 10 These microscopic drops seemed t o  form near 
the  end of the c i l i a .  Another experimenter noted a s l i g h t  
shrinkage of the  pe l l i c l e .  11 Others reported t ha t  c l ea r  
b l i s t e r s  formed on the surface of the protozoa. Later ( fo l -  
u 
lowing formation of b l i s t e r s )  the body form a l t e red  and a bump T~ 
C i l i a t e s  Belonging t o  the Glaucoma-Col~idium Group," p. 31U. 
C i l i a t e s  Belonging t o  the Glaucoma-a 
12 
appeared near the posterior of the protozoan on the dorsal 
lowed brv ~ l a s m o l v s i s  
exactly the same t o  the antisera; th i s  seemed t o  indicate that 
some of the organisms might be more sensitive a s  t e s t  antigens. 6 
7 8 Kimball and Sonneborn both have reported cases of protozoan 
a b i l i t y  t o  build up a resistance t o  specific antisera; th is  
immunity was passed through several generations, but only by 
the mechanism of f i ss ion.  
CHAPTER 111 
STRUCTURAL CHARACTERISTICS AND NORMAL SWIMMING 
HABITS OF BLEPHARISMA UNDULANS 
Although t h e r e  a r e  many ways of c l a s s i fy ing  B l e ~ h -  
ar isma undulans,  the  following classifications a r e  accepted 
by many protozoologis t s :  
Phylum: Protozoa 
Class :  C i l i a t a  
Subclass:  Spi ro t r icha  
Family: Plagiotomidae 
Order: Heterotr icha 
Genus : Ble~har l sma  
Species:  undulans 
BLEPHARISMA UNDULANS 
B le~har l s rna  undulans, a pink-colored h e t e r o t r i c h  v a r i e s  
from 150 t o  300 microns i n  length. I ts  body i s  elongated, com- 
ing  t o  a p o i n t  on i t s  a n t e r i o r  end, the  poin t  s l an t ing  a l i t t l e  
t o  t h e  l e f t .  The pos te r io r  end i s  rounded while the  s i d e s  a r e  
convex d o r s a l l y  and subsequently concave ven t ra l ly ,  becoming 
l e s s  concave toward the a n t e r i o r  end. 
The c i l i a  can be classed i n t o  three  graups according t o  
'G. Calkinr ,  B qf a Protozoa (New York: Lea 
and Feb ige r ,  19261, 
t h e i r  r e l a t i v e  s i z e  
and i n  p a r a l l e l  row 
a n t e r i o r  ex t remi ty  
ages about  two-fif ths of the t o t a l  body length. The peristome I 
is  bounded on the  l e f t  by an adoral band of c i l i a ,  longer and I 
and location. Somatic c i l i a t u r e  i s  shor t  
1 
'3. The peristome s t re tches  out from the 
jus t  about reaching the midline; it aver- 
t h i c k e r  than the  body c i l i a ;  it i s  t h i s  adoral zone t h a t  char- 
a c t e r i z e s  the subclass ,  Spirotricha and the order, Heter- 
2 
o t r l c h a .  The adoral  zone i s  bounded on the r i g h t  s ide  by a 
rnernbranelle which forms an undulating membrane, occupying 
between one-half and two-thirds of the r i g h t  peristomal 
border. 
3, 4, 5, 69 7 
The macronucleus i s  located close t o  the  midline and 
appears t o  be in two port ions when stained w i t h  methyl green 
ID. L. MacKinnon and R. S. Haves, & I n t  oductio to 
Protozoa (Oxford: Clarendon Press,  1961), p ~ .  -he 
J .  W I U .  
-
3 s a v l l l e - ~ e n t ,  Manqel gf the Infusoria (London: David 
Bogue, 1881-1882), 1Z9=-585m 
$. Penard. Igfusoireq, .- S X  &, Infusoires  . -- 
DOUCQ (Geneve: ~ 6 0 r ~  ~ n d  c i e ,  10221, p.  204. 
- .-.  , (Infusorig) .  In 
a d s  und der angranzenden Xeiere- 'A. Kahl, Wim~ert iere oder Ll l l a t a  Dahls Die Tierwelt  Deutschl 
s t e i l l e  (F i scher ,  Jena, 19301, P a  024. 
6 
F a  Doflein, Le c ProtozoenlNnde (Fortgesetzt:  
p .  1127. von Edward Reichenow 
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dye. One por t i on  is located i n  the anter ior  one-half of the 
organism and the  other  i n  the poster ior  one-half.' These two 
2 p a r t s  a r e  connected by a cord-like funiculus. Although the 
rnicronuclei do no t  s t a i n  as c l ea r ly  as  the macronucleus, three 
t o  fou r  of them were counted i n  several of the organisms. 3 
111. NORMAL SWIMMING HABITS 
Bleoharisma undulans i s  a comparatively sedentary 
organism. I t s  normal swimming movements are  r e s t r i c t ed  t o  
those  required  f o r  food gathering such as slow crawling move- 
ments along the  botton and s ides  of the container. These 
movements a r e  occasionally accompanied by burs ts  of rapid 
movement. However, i f  the organism i s  ag i ta ted ,  f o r  example 
by being suctioned i n  and out of a p ipet te ,  i t s  normal swim- 
ming movements a r e  accelerated. The r e l a t i ve ly  shor t ,  
undula t ing membrane can account in  par t  fo r  the ro l l i ng  move- 
ments observed i n  a l l  normal swimming by the organism. During 
a g i t a t i o n  the avoiding react ion,  tha t  is ,  rnovernent toward and 
sudden aovernents away from objects  i n  the solut ion,  i s  
decidedly  increased.  After a short in terval  the agi ta ted  
organism becones sedentary, resorting t o  sdmming hab i t s  used 
i n  ga ther ing  food. 
'R. R. K U ~ O ,  Protozoolon~ (Springfield,  ~ l l i n o i s :  
Char les  Thomas, l9%>, ~ p .  802- 03. 
CHAPTER IV 
MATERIALS AND METHODS 
I. ISOLATION OF BLEPHARISMA UNDULANS 
B1epharisma undulans was isolated from a mixed cu l tu re  
of protozoa,  containing not only Blepharisma undulans, but 
a l s o  Col~mum and h ~ l o t e ~  a. By suction of cul ture  
f l u i d  i n t o  a micropipette,  attempts were made t o  capture 
one Bleuharisma undulans from the mixed cul ture .  Once cap- 
tu red ,  t he  organism was transferred t o  a spot p l a t e  depres- 
s i on  which contained one m l .  of s t e r i l e  sa l ine .  The organism 
was passed through a s e r i e s  of not l e s s  than seven sa l ine  
washes. By micropipette the protozoan was transferred from 
one depression t o  the next. After i t  had passed thraugh the 
wash s e r i e s ,  Ble~harlsma undulagg was transferred t o  a t e s t  
tube ,  t h r ee  inches i n  length, which contained f i ve  m l .  of 
water and some ground pa r t i c l e s  of dried navy beans. These 
beans served a s  a sui table  media for  growth and reproduction 
of B l e ~ h a r i s m a  ~ d u l ~ s .  A l l  equipment u t i l i z e d  i n  i so l a t i on  
and vaccine preparat ion of was s t e r i l i z e d  by the  
use of an autoclave which was s e t  a t  f i f t e e n  pounds of Pres- 
sure f o r  a period of f i f t e e n  minutes. 
Severa l  cu l tu res  were s tar ted in  t h i s  manner* Each 
c u l t u r e  was pure the sense tha t  it contained only the 
s i n g l e  organism, Be ~ d u l a n s ,  and "0 other protozoa, 
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b a c t e r i a  f lourished i n  these bean cultures also. After a 
pried of s ix teen  days the cul tures  were consolidated in to  
a s i n g l e  beaker, making a t o t a l  volume of f i f t y  m l .  
With a s t i r r i n g  rod the organisms were d i s t r ibu ted  
throughout the  culture.  Immediately a f t e r  ag i ta t ion  a 0.5 m l .  
sample was pipet ted  from the culture.  This 0.5 m l .  volume was 
d i l u t e d  t o  twenty times i t s  or ig inal  volume. From t h i s  d i lu-  
t i o n  a 0.5 m l .  sample was taken and with the aid of the 
d i s sec t ing  scope (20x magnification), the nunber of organ- 
isms presen t  i n  t h i s  volume were determined. Ten d i f f e r en t  
7 
- 
counts were made t o  obtain an average number of organisms i n  ,. I 
1C 
the  d i l u t e d  sample. This average number taken times the di lu-  (1 
z 
t i o n  f a c t o r  (twenty) indicated the number of protozoa i n  the  -. 9 - .- 
o r i g i n a l  0.5 m l .  volume obtained from the or ig ina l  f i f t y  m l .  
- 
volume. This f igure  taken times two Indicated the number of 
C 
organisms i n  one m l .  of the or ig inal  cul ture ;  the number of 
organisms was estimated t o  be 3000/ml. 
Standard ( three  Inches long) vaccine v i a l s  were 
proper ly  f i t t e d  with a rubber cap which, when snapped over 
the  tube,  provided an a i r  t i gh t  compartment withln the tube. 
These vaccine tubes could hold ten m l .  of solution. 
The protozoan culture was concentrated t o  a 25 m l .  
volume by spinning down the organisms i n  a centr ifuge a t  a 
speed of 500 r.p.m. per minute, followed by withdrawing some 
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of t h e  c u l t u r e  solut icn by pipet te .  The protozoa were washed 
f r ee  of c u l t u r e  media with s t e r i l e  sal ine.  With the  a id  of a 
p i p e t t e  the organisms were t ransferred t o  a f i v e  inch long 
t i s s u e  g r inder  which consisted of a pes t le  and a heavy g l a s s  
tube I n t o  which the pes t l e  f i t  t igh t ly .  By vigorous grinding, 
the  c e l l s  were broken un. The pes t l e  and tube were washed 
thoroughly with a 0.85 per cent  s t e r i l e  sa l ine  solution. The 
wash f r eed  t he  organisms from the grinder and a l so  was added 
t o  provide a t o t a l  volume of  twenty-five m l .  This so lu t ion ,  
cons i s t i ng  of disrupted c e l l s ,  c i l i a  and 0.85 per cen t  s a l i ne ,  
was d iv ided between the  three  serological  vaccine tubes.  These 
tubes were plugged t i g h t l y  wlth the rubber caps and immediately 
placed i n  a ho t  water bath (60' Centigrade) fo r  a period of 
th ree  hours after which they were ref r igera ted  (3' Centigrade) 
u n t i l  i n o c u ~ a t i o n .  Hereafter t h i s  solution w i l l  be refer red  
t o  as a vaccine. 
111. IMMUNIZATION PROCEDURE 
The t e s t  host  organisms were guinea p i g s ,  Cavia 
y p b a ~ a ,  obtained from Diamond Laboratories, Des Moines, Iowa. 
A l l  animals were fed a d i e t  of rabbi t  p e l l e t s  and l e t tuce .  
Their  water contained.09 per cent of ascorbic acid,  s ince the  
normal f l o r a  of the guinea p i g  In tes t ine  does not  a id  i n  forma- 
t i o n  of t h i s  substance. 
Using a one ml. syringe, f ive  guinea p i g s  were inoculated 
i n t r a p e r i t o n e a l l y  wi th  the protozoan vaccine. The guinea pigs 
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were ~.?munized using the following inoculation schedule : 
b.X 1 3 6 10 17 
a. of vaccine 1.0 1.0 1.0 1 .O 1.0 
TWO guinea p i g s  were used as controls ,  receiving no inocula- 
t ions .  
-0 weeks a f t e r  the f i n a l  inoculations the guinea pigs 
were bled by h e a r t  puncture, using a 10 ml. syringe. The 
whole blood was immediately transferred from the syringe t o  
appropr ia te ly  label led  s i x  inch long t e s t  tubes. The tubes 
0 were plugged with cotton and refr igerated a t  3 Centigrade 
overnight.  
By r inging the clot ted blood within the tubes w i t h  a 
s t e r i l e  needle,  separation of the clotted portion from the 
serum was f a c i l i t a t e d .  The c lo t  no longer adhered t o  the t e s t  
tubes and s e t t l e d  t o  the bottom, leaving the f ree  serum. Some 
hemolysls occurred, since the  serum was t in ted  pink. 
The serum was removed from these t e s t  tubes w i t h  a sero- 
l o g i c a l  p i p e t t e  and transferred t o  six inch long serology tubes. 
The serum was placed i n  a freezer  (-lo Centigrade) u n t i l  t e s t s  
were performed. This serum hereafter w i l l  be referred t o  a s  
antiserum o r  l m e  serum. 
IV. TECHNIQUES USES TO DETEFWNE EFFECTS OF 
AF;TISERUM ON 2. UNDULANS 
During vaccine preparation and antiserum production, a 
c u l t u r e  of - B. undulang was maintained in the navy bean cul ture  
20 
medla. The s t r e n g t h  of the antibody t i t e r  from each of t h e  
f i v e  guinea p i g s  was determined by d i lu t ion .  Drops of cu l tu re ,  
c o n t a i n i n g  t h e  B l e ~ h a r i s m ~  organism were added t o  each of the  
a n t i s e r a  t o  ob ta in  d i l u t i o n s  of 1:3, 1:6, and 1 : l O .  The 
h i g h e s t  t i t e r  was q u a n t i t a t i v e l y  defined a s  t h a t  d i l u t i o n  i n  
which some of t h e  organisms survived over a time I n t e r v a l  of 
two and one-half hours. 
To determine the  e f f e c t s  of the  a n t i s e r a  on B. undulans 
four  d l s t l n c t  procedures were employed. To one drop (0.05 m l )  
of serum (immune or normal) was added one drop (0.05 ml.) of 
c u l t u r e  con t a i n i n g  2. undulans. A l l  drops mentioned h e r e a f t e r  
w i l l  be 0.05 m l .  i n  volume. Drops were placed i n  depressions 
of s p o t  n l a t e s ;  observations were made with the d i s s e c t i n g  
scope. With the  a id  of stop watch, the number of minutes 
which were requi red  f o r  complete immobilization of a l l  of the 
pro tozoa  t o  occur was determined. This time was recorded t o  
t h e  n e a r e s t  minute. Complete immobilization r e f e r s  t o  t h e  
absence of any c i l i a r y  movement. Each depression, containing 
an t i se rum and c u l t u r e ,  was observed continuously f o r  f i f t e e n  
minutes  t o  determine i f  complete immobilization occurred 
w i t h i n  t h i s  time i n t e r v a l .  
A second group of t e s t s  was performed t o  a s c e r t a i n  the  
e x t e n t  of t h e  e f f e c t s  of immune serum on the  protozoan. In 
t h i s  case one drop of cu l tu re ,  two drops of t ap  water and 
t h r e e  d r o p s  of serum were placed i n t o  depressions of spot 
p l a t e s .  This cons t i tu ted  a one t o  one d i l u t i o n ;  the water 
was added to  e f f e c t s  of evaporation. Again observa- 
t i o n s  were made using the d i s sec t ing  scope. m e  organisms 
were s t u d i e d  f o r  a Period of f i v e  hours a t  i n t e r v a l s  of 
t h i r t y  minutes,  one, two, three ,  four  and f i v e  hours. 
The de ta i l ed  aspects  of the e f f e c t s  of the  1-e 
serum on 3. undulans were arr ived a t  i n  a t h i r d  study. A drop 
of serum ( ~ ~ e  o r  c o n t r o l )  and a drop of c u l t u r e  were placed 
on a c l e a n ,  d r y  microscope s l ide .  Observations were made using 
t h e  l i g h t  rnlcroscope (magnifications of lOOx and 430~).  
Changes i n  t h e  organisms i n  contact with the immune o r  con t ro l  
s e r a ,  e i t h e r  leading up t o  imnobilization or  following it, were 
observed i n  t h i s  procedure. One organism was s tudied a t  a 
time; t e n  organisms were studied f o r  each of the con t ro l  and 
immune s e r a .  
I n  t h e  f o u r t h  s e r i e s ,  t e s t s  were made t o  deternine the  
presence  of a poss ib le  surface o r  subsurface phenomena, 
r e l a t e d  t o  t h e  i m o b i l i z a t i o n  reaction. The phase ~ c r o s c o ~ e  
was used for these  observations (br ight  and dark phase 
t r a s t s  a t  9 2 0 ~  magnification).  F i f t y  separate  observations 
were made, viewing severa l  hundred organisms. 
CHAPTER V 
PaSULTS AND DISCUSSION 
I. STRENGTH OF TITER DETERMINED BY 
DILUTION OF SERUM 
Da ta  re la ted  t o  the r e l a t i ve  strength of the various 
a n t i s e r a  w i l l  be found i n  Table I. In a 1:3 d i lu t ion  of 
a n t i s e r a  from a l l  f i ve  guinea pigs, B l e ~ h a r i s m ~  were imo-  
b i l l z e d  and plasmolysis promptly occurred. In  the 1:6 
d i l u t i o n  the  organisms a t  f irst  appeared slow and then a t  
the end of a period of two hours, normal a c t i v i t y  had been 
regained. On the  1:10 d i lu t ion  only in  the case of an t i se ra  
from guinea pig f i ve  was a slowing recorded; a l l  others  
showed no e f f e c t s  a t  a l l .  The f i f t h  antiserum may have had a 
s l i g h t l y  higher t i t e r  than the other four. Since no ill 
e f f e c t s  were observed i n  ant isera  I-IV a t  the 1:10 d i lu t ion ,  
t h i s  volume served a def in i t ion of t i t e r  strength. A re la-  
t i v e l y  law t i t e r  was obtained in  these experiments. 
Fakieten has reported paralyzing e f f ec t s  a t  d i l u t i ons  
up t o  :2000.1  his nethod of di lut ion was an ind i rec t  means 
of determining the strength of t i t e r :  the greater  the d i lu-  
t i o n  required t o  h a l t  the e f fec t s  of the ~ ~ ~ n e  serum, the 
higher  t h e  antibody t i t e r .  
TABLE I 
THE RELATIVE STRENGTH OF ANTIBODY TITER, DETERMIhED 
BY IM4OBILIZATION OF BLEPHABISMA UNDULAWS IN 
SFVERAL DILUTIONS OF AFTISERUX 
Samples Dilution 1:3 Dilution 1:6 Dilution 1:10 
Antiserum 
Guinea p i g  
I 
Antiserum 
Guinea p i g  
I1 
Antiserum 
Guinea p i g  
111 
Antiserum 
Guinea pig 
IV 
Antiserum 
Guinea pig 
Tr 
KEY - **** Complete immobilization 
*-0 Initial slowing followed by a return to normal 
behavior 
0 Normal swimming behavior 
11. ImOBILIZATION TIMES 
The l e n g t h  of time i n  which observations were recorded 
on both  t h e  c o n t r o l  sera  and experimental a n t i s e r a  was f i f t e e n  I 
minutes .  S ince  a l l  Ble~har isma i n  the cont ro ls  were a l i v e  a t  
t h e  end of t h i s  f i f t e e n  minute i n t e r v a l ,  t h i s  was the  time 
used t o  compare with the  average immobilization time f o r  each 
of t h e  f i v e  experimental  sera  (see Tables 1 1 - V I I I ) .  By inspec- 
t i o n  it was concluded t h a t  there  was a va r i a t ion  between the  
immobi l iza t ion  t ime f o r  each of the i m e  sera  a s  compared t o  
t h e  c o n t r o l  se ra .  A ' I t "  t e s t  was u t i l i z e d  t o  determine the ? 
s i g n i f i c a n c e  of d i f f e rence  between the  immobilization time of 5 
i 
each  of t h e  a n t i s e r a  a s  compared t o  the mean immobilization . - . 
TABLE II I 
MEAN IMMOBILIZATION TIME 
Antiserum 
Hean Time 
(minutes) ' I t n  Value Probab i l i ty  
I 
I1 
TTT 
IMMOBILIZATION TIMES OF BLEPHARISMA UNDULANS IN 
1:l DILUTION OF ANTISE,RUM 
FROM GUINEA PIG I 
- - 
Minutes Individual Spot Plate Tests 
1 2 3 4 5 6 7 8 9 
0.5 o o o o o o o o o 
KEY - 0 Normal Behavior 
* Slowing 
** Movement Markedly Slowed 
*** Almost Total Paralysis 
**** Complete Immobilization 
Mean 1 minutes 
TABLE IV 
IMMOBILIZATION TIMES OF BLEPHARISMA UNDULBNS IN 
1:l DILUTION OF ANTISE,RUM 
Minutes Individual Spot Plate Tests 
1 2 3 4 5 6 7 8 9 
0.5 0 0 o 0 0 0 0 0 0 
1 * ** 0 0 0 0 0 0 0 
2 ** *** 0 0 0 0 0 ** *** 
3 ** *** 0 0 * 0 0 **** *** 
4 .  **** **** ** * ** 0 0 **** 
5 ** ** *** 0 0 
6 *** **** **** 0 *** 
KEY 0 Normal Behavior 
* Slowing 
** Eaovement Markedly Slowed 
*** Almost  Total Paralysis 
**** Complete Inmoblliratlon 
Mean 5 mirmtes 
IMMOBILIZATIOK TIMES OF BLEPKARISMA UNDULANs I N  
1 : 1 DILUTION OF AFTISERUM 
FROM GUImA PIG 111 
Minutes 
- -- 
Ind iv idua l  Spot Plate Tests 
KEY 0 Normal Behavior 
* Slowing 
** Movement Markedly S l o w d  
*** A l m o s t  Total  P a r a l y s i s  
**** Conrplete Irnntobilizatlon 
Mean 15. minutes 
TABLE VI 
IMMOBILIZATION TIMES OF BLEPHARISMA UNDULANS IN 
1: 1 DILUTION OF AKTISERUM 
FROM GUINEA PIG IV 
Minutes Individual Spot Plate Tests 
KEY 0 Normal Behavior 
* Slowing 
**  Movement Markedly Slowed 
*** Almost  Total Paralysis 
**** Complete Imn-tobilization 
Mean 15. minutes 
TABLE VII 
IMMoBILIZATI ON TIMES OF BLEPHARISMA U N D U M S  IN 
1 : 1 DILUTI Oll OF AJ!!TISE.RUM 
FRON GUINEA PIG V 
- -  
Minutes Individual  Spot P l a t e  Tests 
KEY 0 Normal Behavior 
* Slowing 
** Movement Narkedly Slowed 
*** Almost Total Para lys i s  
**** Complete Immobilization 
Mean 15. minutes 
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summing t h e  mean immobilization times l i s t e d  i n  Table I1 and 
d iv id ing  t h i s  f i gu re  by f ive ,  the t o t a l  average time (4.7 min- 
u t e s )  requ i red  f o r  complete immobilization of the organism t o  
t ake  p lace  was thus computed. In Table I V  one t e s t  indicated 
the organisms had remained a l ive  for  a  period of f i f t e e n  min- 
u t e s .  This i n t e r v a l  of time was s t a t i s t i c a l l y  invalidated and 
discarded when compared with the other t e s t s  i n  t h i s  s e r i e s ;  
f o r  t h i s  reason antiserum 11 had a  mean immobilization of 5.1 
minutes. Tables VII and VIII indicated t h a t  all organisms 
were a l i v e  a t  f i f t e e n  minutes a f t e r  contact with normal serum. 
- 
However, some slowing of the B. undulans was observed toward 
c; 
the end of t h i s  f i f t e e n  minute interval .  .. - 
/: 
In  re fe rence  t o  the nt" t e s t  and more spec i f ica l ly  t o  
a n t i s e r a  of guinea p i g  I as  an example, a  probabil i ty between 
0.6 and 0.7 was computed. This probability indicated tha t  
s i x t y  times out  of one hundred times a  difference of 0.4 min- 
u t e s  could occur.  Only when the probability values, as  
deterqined by the ' I t n  t e s t ,  are within the range of .OF-.C01 
1s a s i g n i f i c a n t  difference indicated i n  the two f igures  
being; compared. Fach of the f ive  guinea p i g  ant isera  were 
compared t o  the  t o t a l  average tlme, 4.7 minutes. In the an t i -  
serum from guinea pig IV the greatest  var ia t ion (.6) from the 
t o t a l  average tima was indicated. The probabil i ty t ha t  t h i s  
d i f f e r ence  would occur within the samples being compared was 
between .20 and .30. This value approached the .05 l eve l  but 
TABLE VIII 
I ~ o B I L I Z A T I O N  TIMES OF BLEPHAF~ISMA umws  
IN 1: 1 DILUTIOI! OF aF-BUM* 
FROM GUINEA P IG  I 
Minutes Individual Spot Plate Tests 
*Indicates normal serum. 
KEY 0 Normal Behavior 
* Slowing 
** Movement Markedly Slowed 
*** Almost Total Paralysis 
**** Complete Imobil ization 
Mean 15. minutes 
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TABLE IX 
IMMOBILIZATION TIMF.23 OF BLFPAARISMA UNDULANS 
IN 1 : l  DILUTION OF SERUM" 
FEOM GUINEA PIG 11 
Minutes Individual Spot Plate Tests 
1 2 3 4 5 6 7 8 9 
+Indicates normal serum. 
KEY 0 Normal Behavior 
* Slowing 
~ r *  Movement Markedly Slowed 
+** Almost Totel Paralysis 
**** Complete Imm~bilization 
Mean 15. minutes 
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d i d  not  r e p r e s e n t  a  r e a l l y  s igni f icant  difference. Had one 
of t he  f i v e  mean times f a l l en  within the .O5 l i m i t ,  the $ I t r t  
t e s t  would s t a t l s t i c a l l y  imply t h a t  only f ive  out of one 
hundred t imes such a  difference would occur within the frame- 
work of t h e  d a t a  under consideration. Such a  low probabi l i ty  
va lue  i n  a  t'tl' t e s t  analys is  would indicate s t a t i s t i c a l l y  
u n r e l i a b l e  da ta .  However, l i t t l e  s t a t i s t i c a l  difference e x i s t s  
between t h e  mean over-a l l  immobilization time and the individual 
i m o b i l i z a t i o n  times. The f ac t  tha t  l i t t l e  difference was indi- 
ca ted  i l l u s t r a t e s  t h e  s imi lar  e f fec t s  tha t  each of the an t i se ra  
have on t he  B le~ha r i sma  organism, tha t  i s  t o  say, almost a l l  
orgarisms were paralyzed within a r e l a t i ve ly  close t i n e  t o  the i 
- 
ove r - a l l  mean 1m.rlobilization time (4.7 minutes). T - . 
Within each depression of a  par t icular  spot p la te  which 
conta ined one of t h e  an t i se ra  and the organism, not a l l  proto- 
zoa were im-?obilized simultaneously. Only when the l a s t  
organism i n  t he  depression had stopned moving was the time 
recorded.  The absence of an ident ica l  reaction of a l l  organ- 
isms wi th in  even one depression could be due t o  what Margolin 
c a l l s  t h e  s ~ l i t  r eac t i on ;  t h a t  i s  some animals responded i n  
h i s  experiments while  others  d i d  not under the same experi- 
mental cond1tions.l  Also Bernhiemer and Harrison indicated 
i n  t h e i r  work t h a t  some were more sens i t ive  a s  t e s t  
an t i gens  than were others.* Other variables might explain 
l ~ a r ~ o l l n ,  a. . , p .  213. 
2 Bernhiemer and Harrison, QQ. u . 9  P -  80. 
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d i f f e r e n c e s  repor ted  between each of the f i v e  ent i sera .  Differ- 
ences  i n  the experimental  animals, such a s  s i z e  and physiologi- 
c a l  c o n d i t i o n s  of t h e  guinea p i g s  during inoculation, a r e  
examples. A l l  five animals may not have b u i l t  up a t i t e r  of 
a n t i b o d i e s  t o  t he  same l eve l ;  a t  any r a t e  a variance i n  the 
t i t e r  between animals a t  the time of bleeding is a d e f i n i t e  
p ~ ~ s l b i l l t y .  Some inconstancy can be a t t r ibu ted  t o  var ia t ion  
i n  technique  during inovula t ions  and bleeding. 
S t u d i e s  conducted over longer periods of time than were 
done so  i n  t h i s  r e s ea r ch  i l l u s t r a t e d  the e f f e c t s  of normal 
serum on For example unless sodium chloride was 
p r e s e n t  i n  t h e  serum i n  the proper concentration, paramecia 
w e r e  immobilized; i n  normal serum however t h i s  phenomenon was 
n o t  observed f o r  s e v e r a l  hours (usual ly about twen ty- fa r  
h o u r s ) .  
111. FIVE HOUR OBSERvATIONS 
The results of observations on the two control  and f i v e  
exper imenta l  s e r a  f o r  t h i s  sect ion a re  indicated i n  Table X. 
Nine s e p a r a t e  observat ions  for  each control  and experimental 
series were s tudied .  A l l  of the organisms i n  each of the 
imrmne s e r a  were immobile a t  the end of the f i r s t  half  hour. 
F u r t h e r  obse rva t ions  a t  i n t e rva l s  of one, two, three, four ,  and 
f i v e  hours  revealed  c o w l e t e  immobilization and l y s i s  i n  a l l  
TABLE, X 
1I.MOBILIZIKG EFFECTS OF GUINJ:A PIG ANTISERA ON BLEPHARISMA 
CT!DULAKS OVER FIVE HOURS 
C-a1 . e Sew 
. :Guinea:nea : Guinea : Guinea 
S . P i n  I : G m a  Pie  3 : P i n  1 : Pig 3 : P I P  ? : P j p  4 :Pip. 5 
KEY 0 Normal Behavior 
* Slowing 
** Movement Markedly Slowed 
*** Almost Total Paralysis 
**** Complete Immobilization 
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f i v e  c a s e s  of the a n t i s e r a  so lu t ion* In the f i v e  of the nine 
s o l u t i o n s  i n  t h e  depressions concerned with Control I some 
i n i t i a l  slowing i n  B e  u n d u l a n ~  swimming h a b i t s  was noted a t  
one-half  hour  and a g a i n  a t  the end of one hour. Normal ac t iv-  
i t y  of the protozoan was recorded a t  the time i n t e r v a l s  there-  
a f t e r  f o r  t h e  Contro l  I Study. In  Control I1 organisms i n  a l l  
of t h e  n i n e  S O ~ U ~ ~ O ~ S  performed normal1 y i n  t h e i r  swimming 
h a b i  ts  throughout  the f i v e  hours. 
The i m o b l l i z a t i o n  of the protozoa noted a t  the end of 
the f i r s t  h a l f  hour of contac t  with an t i se ra  was an i r r e v e r s -  
i b l e  phenomenon as  no temporary para lys is  was noted. It would 
: 
be assumed tha t  immobilization was the r e s u l t  of antigen- . 
- 
a n t i b o d y  combination. Immobilization was inev i t ab ly  followed - 
by c e l l  d e s t r u c t i o n ;  no c e l l s  were observed i n  the immune sera  
p r e p a r a t i o n s  a f t e r  one hour. Loefer 's  inves t iga t ion  indicated 
t h a t  i n  a course  of s e v e r a l  hours (usually twenty four)  organ- 
isms i n  the 1:M and 1:80 d i l u t i o n s  recovered t o  normal 
1 
a c t i v i t y .  I n  higher concentrat ions of a n t i s e r a  the organisms 
d i d  n o t  recover .  Th i s  phase of the  study on g. undulans 
sunpor ted  L o e f e r ' s  work, since no recovery was observed i n  
t h e  concen t ra ted  a n t i s e r a  preparations. 
The normal swl.ming a c t i v i t i e s  reported over a f i v e  hour 
i n t e r v a l  i n  the c o n t r o l s  f u r t h e r  substant ia ted some d e f i n i t e  
d i f f e r e n c e  i n  t h e  chemical com~onents of the  cont ro l  sera  and 
the immune s e r a .  
IV. LIGHT MICROSCOPE OBSERVATIONS OF 
IMMOBILIZATION PHENOMENA 
Although t h e r e  was some va r i a t ion  i n  response of g, 
yndu lans  t o  t h e  v a r i o u s  a n t i s e r a ,  the following phenomena 
were cons idered  as t y p i c a l  responses. Within t h i r t y  seconds 
a slowing i n  t h e  b e a t s  of both somatic and o r a l  c i l i a t u r e  wes 
no ted ;  however i n  t h i s  s h o r t  i n t e r v a l  no malfunction i n  the 
rhythmic b e a t  o f  t h e  c i l i a  was noted. Changes in  the undulat- 
i n g  membrane could n o t  be perceived. These c i l i a  beat even 
more s lowly  a t  the  end of f i f t y  seconds. Within t h i s  time 
i n t e r v a l  many organisms ro ta ted  on t h e i r  pos ter ior  a x i s  both 
i n  a c lockwise and counter-clockwise manner, a condition no t  
observed i n  the normal swimrning hab i t s  of g. undulans. Fol- 
lowing i n i t i a l  c o n t a c t  of a protozoan with the immune sera, 
s e v e r a l  v a r i e d  phenomena took place within a one t o  th ree  
miIYUtt? i n t c r ~ a l .  Oral  and somatic c i l i a t m e  l o s t  t h e i r  
rhythmic  g e a t ,  moving spasnodical lp  and a t  a slower r a t e  than 
p r e v i o u s l y  observed. The f i r s t  group of c i l i a  t o  become 
i ~ m o b l l e  were the  s h o r t ,  somatic c i l i a ;  the  o r a l  membranelle 
of t h e  a d o r a l  zone continued t o  beat fo r  a s  long a s  two t o  
t h r e e  minutes  a f t e r  t h e  somatic c i l i a t u r e  had ceased movement, 
W l  t h i n  t h i s  t ime i n t e r v a l  d rop le t s  of a mater ial  ( emda te )  
began t o  appear  on both  t h e  somatic and o r a l  c i l i a .  The amount 
of t h i s  exudate  inc reased  with time; i n  some cases organisms 
cou ld  be observed swimming s luggishlp wi th  p a r t i c l e s  of this 
exuda te  t r a i l i n g  behind them. This material  appeared to have 
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t he  e f f e c t  of s t i c k i n g  the somatic c i l i a  together,  resul t ing  
i n  a random Cr i ssc ross ing  of these c i l i a .  Also during t h i s  
one through t h r e e  minute i n t e rva l  some body twisting and con- 
t o r t i o n ,  a t y p i c a l  t o  normal movement of the organism was 
observed. F i n a l l y  the  adoral c i l i a  (membranelle) ceased 
bea t i ng ,  and t he  C e l l  became completely immobile. Following 
t h i s  t o t a l  c i l i a r y  pa ra ly s i s ,  l h  cytoplasm within the c e l l  
membrane appeared t o  move vigorously; no blebs or evaginations 
of t h e  membrane were observed. However the c e l l  membrane 
u s u a l l y  rup tured ,  following t o t a l  paralysis  of the c i l i a  and 
cytoplasm would then flow i n to  the surrounding f lu id  (plas- 
molys is ) .  Rupturing of the membrane occurred most often i n  the 
buccal  r eg ion ,  al though l e s s  frequent breaks would occur toward 
I 
the p o s t e r i o r  aspect of the protozoan. 
The o r i g i n a l  slowing mechanism of c i l i a r y  movement must 
have been due t o  some substance in the antiserum wfiich was 
presumably an ant ibody speci f ic  fo r  antigens of B. undulans. 
This could be pos tu la ted  as  the primary cause for  slowing of 
c i l i a r y  movement. Since c i l i a r y  aovement was affected notice- 
ably before  any o ther  changes, such as  l y s i s  took place, the 
an t igen  most likely involved was a c i l i a r y  antigen. Lwoff i n  
an a n a l y s i s  of Sonnebornfs work,' made the following cowents ,  
IT. M. Sonneborn, "Symposium On Plasma Genes, Genes, 
and Charac te r s  in Paramecium aure l ia ,"  American y a t m a l i s t ,  
(19w), 26-34. 
concerning  t h e  pa ra lyz ing  e f f e c t  of the an t i se ra  on c i l i a ,  as 
r e p o r t e d  i n  ~ o n n e b o r n ' s  work: he contended t h a t  the respon- 
s i b l e  a n t i g e n s  would be c i l i a r y  antigens.' He concluded t h a t  
s i n c e  c i l i a  a r e  produced by t h e  kinetosornes, these bodies 
cou ld  have a s h a r e  of t h e  r e s p o n s i b i l i t y  i n  the antigen-anti- 
body phenomenon i n  S o m e b o r n ' s  work. He concluded t h a t  a 
s u b s t a n c e  analogous t o  t h e  c i l i a r y  antigen could e x i s t  i n  the 
kinetosome. 
However, P r e e r  and Freer  i n  a more recent  investiga- 
t i o n ,  u s i n g  p a r a a e c i a ,  repor ted  the presence of antigens t h a t  
2 
c o u l d  be c l a s s i f i e d  a s  immobilizing antigens. They indicated 
t h a t  t h e  immobilizing an t igens  were determined gene t i ca l ly  by 
a remarkable  system of  h e r e d i t y ,  involving both cytoplasmic 
and Mendelian f a c t o r s .  Four ant igens  were i so la ted  and studied. 
The f o u r t h  o f  t h e s e  appeared t o  be the best  antibody producer 
I 
o f  the c e l l ;  it ms determined t o  be the immobilization antigen 
of t h a t  p a r t i c u l a r  s t r a i n  of paramecia. They concluded t h a t  a 
l a r g e  p r o p o r t i o n  o f  t h i s  a n t i g e n  was associated with the body 
w h i l e  ano the r  larger p o r t i o n  was found i n  c i l i a ;  l i t t l e  or none 
was l o c a t e d  i n  t r i c h o c y s t s .  
'Andre Lxoff,  Problems pf M ho e e i Jg C i l i a t e s  
,-7 (New York: John Wiley cPc Sons, 195C , pp.  
2 ~ .  P r e e r  and L. P. Freer ,  "Gen Diffusion Studies I I on the 
Ant igens  o f  I s o l a t e d  C e l l u l a r  Components of Paramecium, 
Journal. pf Protozooloay,  X I  (February, 1959) 88-?9* 
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The immobi l iza t ion  of somatic c i l i a ,  followed by the 
o r a l  c i l i a  a t  a l a t e r  time supported work performed par t icu-  
l a r l y  by ~ 0 e f e r . l  I t  may be postulated t h a t  since the somatic 
c i l i a  a r e  s h o r t e r  and f i n e r  than t h e  adoral  c i l i a ,  t h a t  paral-  
y s i s  was mere ly  a function of s i z e ,  the smaller c i l i a  being 
a f f e c t e d  b e f o r e  t h e  l a r g e r .  NO evidence other than the  r e l a -  
t i v e  s i z e s  of t h e  c i l i a  can support t h i s  postulate .  
The presence  of the  exudate, a s  drople ts ,  would appear 
t o  be r e l a t e d  t o  a phase of the antigen-antibody combination, 
a l t h o u g h  no  d i r e c t  evidence indicated t h i s .  Since no such 
e x u d a t e  was formed on t h e  organisms i n  cont ro l  se ra ,  i t s  
p r e s e n c e  must be a t t r i b u t e d  t o  a substance not present  i n  
normal serum, a g a i n  presumably the antibody. Robertson noted 
i n  an  i n v e s t i g a t i o n  of  the  Glaucoma-Col~idium group t h a t  the 
exuda te  n o t  o n l y  i n t e r f e r e d  with c i l i a r y  movement but caused 
2 
organisms t o  s t i c k  t o g e t h e r  i n  a randon fashion. A decrease 
i n  t h e  movements of c i l i a  mechanically, i f  i n  no other  manner, 
was brought  on by the presence of t h i s  exudate. 
Loefer  performed more precise  inves t iga t ions  on the 
n a t u r e  o f  an  exudate  s i m i l a r  t o  the one he had observed i n  h i s  
s t u d i e s .  3 By se lec t ive  u l t r acen t r i fuga t ion  a 
g e l a t i n o u s  m a t e r i a l  was separated from the  organisms with which 
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Loefer was working. He added t h i s  material  t o  a solut ion of 
Tetrahvmen4; then a n t i s e r a  was added t o  the cul ture*  The 
presence  of t he  ge l a t i nous  mater ial  increased the time of 
maximal immobi l iza t ion ,  a s  well  a s  protecting the organisms 
a g a i n s t  l y s i s .  The pro tec t ive  e f f e c t  d i d  not appear t o  be 
re la ted  t o  t h e  s p e c i f i c  neu t ra l i za t ion  of antibodies or t o  the 
p a r t i c u l a r  c h a r a c t e r  of the c i l i a r y  antigen. This protective 
subs tance  may O r  may no t  be re la ted  t o  the exudate extruded 
during protozoa  c o n t a c t  with speci f ic  ant i sera ,  Loefer 
hypothes ized  t h a t  t h e  exudate night  not be an emission, combin- 
i ng  w i th  ant i serum,  b u t  a pro tec t ive  mechanism. 
~ o e f e r l  and ~ o b e r t s o n ?  both observed a she l l  completely 
surrounding and ad j acen t  t o  the p e l l i c l e  of the protozoa they 
used as t e s t  organisms i n  antiserum. These protozoa escaped 4 
from the exudate  s h e l l s  and the remains of these she l l s  could 
be c l e a r l y  obsemed wi th  imprints of c i l i a  noticeable. No 
s h e l l  was observed on or  adjacent t o  the p e l l i c l e  of B. 
mdu&$ and no empty shel ls  o r  fragments were observed* 
Rupture of t h e  c e l l  membrane appeared to  be an ind i rec t  
Consequence of t h e  imvobll izat ion of the c e l l  c i l i a .  KO act ive 
f eed in?  was observed. The i nac t i v i t y  of the c i l i a  might have 
r e s u l t e d  i n  an u p s e t  i n  the de l i ca te  balance on the i n t e r i o r  
of t h e  c e l l .  Increased  cytoplasmic flow i n  comparison t o  the 
~ - 
%bid. 2 Robertson, &. 
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normal f low cou ld  p o s s i b l y  be looked upon a s  an e f f o r t  by the 
organism t o  compensate f o r  a change i n  general  c e l l  a c t i v i t y ,  
o r  it cou ld  be p o s t u l a t e d  t h a t  t h i s  increased flow was an 
i n i t i a l  s t e p  i n  p l a s m o l ~ s i s *  No evidence ~ e a d i l y  supports 
these h y p o t h e s e s  
The Immobi l i za t ion  phenomenon and exudate formation 
observed  u s i n g  t h e  ~ h a s e  ~ ~ C ~ O S C O D ~ ,  did not  va l ida te  the 
a c t u a l  p r e s e n c e  o f  a s u r f a c e  phenomenon. However some new 
d a t a ,  n o t  observed  i n  l i g h t  microscope s tud ie s ,  were obtained 
w i t h  t h e  a i d  of t h e  phase  microscope. Using both the l i g h t  and 
d a r k  p h a s e s  o f  t h e  microscope,  observations were made on organ- 
i s m s  i n  a l l  five a n t i s e r a .  Attentior.  was grimarily paid t o  
i n t e r n a l  c e l l u l a r  a c t i v i t y ,  leading up t o  l y s i s  of the c e l l .  
A s  i n  t h p  c a s e  of l i q h t  microscope o b s e r v a t i ~ n s  cytoplasmic flow 
s~emed t o  i n c r e a s e  c o n s i d e r a b l y ,  However, there  was no obvious 
m i m a t i o n  of l n t r a c e l l u l a r  g ranules  and vacuoles toward the 
m e ~ b r a n e .  I n  a few cases a f t e r  t o t a l  imqobilization of c i l i a  
was n o t e d ,  rnovp-oent of a d o r a l  c i l i a  was observed. This move- 
ment l a s t r d  a p p r o x i n a t ~ l y  tm seconds and was abrupt ly  followed 
by r u r t u r e  of t h e  cel! in t h e  o r e l  region. The or ig in  of the  
e ~ ~ d a t p  b e f o r e  i t s  a r p e a r a n c e  on the c i l i a  could not bf deter-  
mined by obscrvatS.or,s u s i n g  t h e  ~ h a s e  microscope. 
The l a t e r  novenent  of t he  adoral  c i l i a  was noted with the 
phase scope ,  due t o  i t s  l i g h t  and dark con t r a s t ,  a contrast 
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n o t  p o v i d e d  with t he  use  of the l i g h t  microscope. The aove- 
merit was only  s l i g h t l y  percep t ib le ,  occurring as long as three 
minutes a f t e r  t o t a l  immobilization of c i l i a  but l a s t ing  for  
on ly  a s h o r t  dura t ion .  The membranellar movement might have 
been a f a c t o r ,  determining locat ion of rupture of the membrane. 
 his rup tu re  occurred a t  the o r a l  region i n  every case in which 
t h e  ado ra l  c i l i a  moved a f t e r  t o t a l  paralysis  had been previously 
observed. However many organisms tha t  d i d  not demonstrate a 
l a t e r  c i l i a r  movement i n  t h e  o r a l  region continued t o  plas- 
molyse through this region.  This "latent"  adoral c i l i a r  move- 
ment may have been nothing o ther  than a delayed f i n a l  
c o n t r a c t i o n  of t h i s  c i l i a t u r e .  
CHAPTER VI 
S-Y AND CONCLUSION 
I. SUMMARY 
 his s tudy  r e p r e s e n t s  an invest igat ion of the 
v i t r o  e f f e c t s  of spec i f  i c  ant ibody on protozoan antigen, 
u s i n g  Blenharisrna undulans a s  the  t e s t  organism. A pure 
c u l t u r e  of Blenharisrna undulans was prepared containing 
approximately 3,000 organisms per  m l .  of cul ture,  as e s t i -  
mated by a d i l u t i o n  method. From t h i s  cul ture a vaccine was 
prepared u s ing  s tandard  procedures. A schedule of injections 
of t h i s  vacc ine  i n t r a p e r i t o n e a l l y  i n t o  f ive  guinea pigs was 
fol lowed t o  bu i ld  a h igh  t i t e r  of antibodies fron the foreign 
a n t i g e n ,  B. undvlans. Two weeks a f t e r  the f i n a l  inoculation, 
whole blood was c o l l e c t e d   fro^ the f i ve  guinea p i g s  receiving 
lnoculat!.ons and from two guinea pigs, used a s  controls, 
r e c e i v i n g  no Inocu la t ions .  Both immune and control sera were 
separa ted  from the  whole blood and refr igerated.  
The e f f e c t s  of t h e  con t ro l  and immune sera on g. 
undu3ans were i n v e s t i g a t e d  In  f i v e  separate studies. Study I 
i n d i c a t e d  t h a t  t he  organisms were not  affected by immune sera 
a t  a d i l u t i o n  of 1 : l O .  Di lu t ions  of 1:3 and 1:6 resulted in 
l ~ ~ o b i l i z a t l o n  a d l y s i s  of B. mdulans. Study I1 was an 
i n v e s t i g a t i o n  of the  t ime required t o  comlete ly  imlIl0biliZe 
t h e  o r ~ e n i s r n  i n  the  presence of t he  ant isera.  a ma obi lie at^*^ 
immobilizing time for the five ex~erimentals was 4.7 minutes 
9 
while in the control sera organisms were still actively mobile 
after fifteen minutes. statistic all^ "t" tests computations 
indicated that there Was no significant difference between the 
over-all mean imqobilization time, 4.7 minutes, and the meen 
times for each of the five antisera. Differences between the 
controls and the experlmentals had to be due to the presence 
of a substance in the antisera which was not present in the 
control sera; presumably this substance was the antibody 
specific for z. undulans. 
Study I11 was an investigation to determine if the 
immobilization phenomenon was only temporary. At hour inter- 
vals solutions containing the organism and the sera were 
studied to see if 2. undulans would return to its normal swim- 
ming habits after Immobilization. All organisms in the 1:l 
antisera-culture dilution were inmobilized with the first 
observed time interval. At one, two, three, four, and five 
hours no recuperation from the immobilized state was observed. 
Instead all organisms in the antisera had been lysed and had 
com~lstely disappeared after the one hour observation. In 
Control sera the organisms were actively mobile after five 
hours . 
Study Iv was concerned vith light microscope observa- 
tion of events leading up to end following the immobilization 
of the ciliate. Slowing first of the somatic ciliature, then 
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of t he  o r a l  c i l i a t u r e  was followed t o t a l  imm~bi l i sa t ion~  A
conspicuous exudate was observed during the slowing process; 
it was loca t ed  on t h e  end of c i l i a  and a portion oftentimes 
was t r a i l i n g  behind t h e  organism- It was presumed that  that 
a n t i g e n - a n t i b ~ d y  combination i n  some manner influenced ci].iary 
movement. The exudate caused a mechanical slowing of the c i l i a ,  
on ly  a f t e r  t h e  i n i t i a l  slowing had taken place. Total immobil- 
i z a t i o n  was followed by l y s i s  of the  c e l l .  
s t udy  V was an i n v e s t i g a t i o n  of part icular  events lead- 
i n g  up t o  l y s i s  of the  t o t a l  immobilization of c i l i a ,  using 
t h e  phase microscope a s  the  t o o l  i n  t h i s  study. In a few 
organisms a s l i g h t  movement of the  o r a l  c i l i a  was observed 
w i t h i n  t h r e e  minutes a f t e r  t o t a l  immobilization had occurred. 
Rupture of t h e  membrane a t  the o r a l  region imnediately fol- 
lowed t h i s  " l a t e n t "  c i l l a r  movement. 
The f l v e  s t u d i e s  ind ica ted  a s igni f icant  difference 
between t h e  a c t i v i t i e s  of B. gndulens i n  normal and i m m e  
serum. The Immune s e r a  contained a s ~ e c i f i c  antibody which 
r e a c t c d  w i th  t h e  an t igen  substance,  B. undulans. 'he 
ivmobilizlnp: an t i gen  may have been a c i l i a r y  and/or body 
an t igen .  E m d a t e  d r o p l e t s  observed on c i l i a  and the pel l icle  
would provide  some evidence of a surface reaction between 
a n t i ~ e n  and antibody. Lysis  following imflobilization Was 
a t t r i b u t e d  t o  a d i s tu rbance  i n  the  normal external s tate  
47 
the ~ r o t o z o a n  ( l o s s  of c i l i a r y  a c t i v i t y )  resu.lting in a diS- 
r u p t i o n  of homeostasis  i n  t h e  i n t e r i o r  of the ce l l .  l?his 
d i s r u p t i o n  may have been f u r t h e r  indicated by the increase in 
cytoplasmic f low observed. 
 his i n v e s t i g a t i o n  of the antigen-antibody response, 
us ing  B l e ~ h a r i s m a  undtrlans as  the t e s t  organism supports work 
done by o t h e r s  who used such protozoa a s  Tetrahymena pmi- 
formis ,  various spec i e s  of Paramecium, and some amebae. 
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